Introduction {#S0001}
============

Insulin-like growth factors (IGF-I and IGF-II) manifest a structure and biological activity similar to those of insulin and they play the function of pleiotropic hormones \[[@CIT0001]\]. Insulin-like growth factor I represents a secretory protein of 7,649 Da in molecular weight, consisting of a single polypeptide chain of 70 amino acids which exerts a variable effect on cells and tissues \[[@CIT0002]\]. In the postnatal period the liver provides the main source of circulating IGF-I and the protein is produced mainly under the effect of growth hormone (GH). Secretion of IGF-I is also affected by age, gender, diet and nutrition, insulin and sex hormones. Insulin-like growth factor I produced in liver manifests mainly endocrine activity while IGF-I synthesized in other tissues acts in a para- and/or autocrine manner \[[@CIT0002]\].

In chronic hepatitis C virus (HCV) infection, an imbalance between proliferation and apoptosis of hepatocytes may result in a loss of normal response to growth factors, including IGF-I and II \[[@CIT0003]\]. Insulin-like growth factor I may play a role in persistence of chronic hepatitis by control of pro-inflammatory cytokine signaling pathways and endothelial receptors for adhesion factors (e.g. ICAM-1) \[[@CIT0004]\], and in induction of an acute inflammatory response, triggered by tumor cells during early stages of liver metastases \[[@CIT0005]--[@CIT0007]\]. In the mouse model of obesity, IGF-I was demonstrated to represent a critical factor both in activation and persistence of hepatitis in normal and obese individuals, the factor which provides a necessary condition for development of metastases to the liver. The effect of IGF-I is both direct (paracrine) and indirect, through the effect on the hepatic microenvironment \[[@CIT0008]\].

The decrease in serum levels of both IGFs with progression of liver pathology, independently of its etiology, was described in the 1970s \[[@CIT0008]--[@CIT0011]\]. Serum levels of IGF-I in chronic hepatitis C (CHC) patients decrease with increase of fibrosis score \[[@CIT0011]\]. In liver cirrhosis lowered concentrations of IGF-I were noted, as compared to healthy individuals, particularly in more advanced stages of cirrhosis \[[@CIT0010], [@CIT0011]\], as well as an increased concentration of growth factor following administration of anti-viral therapy \[[@CIT0011]\]. The studies confirmed decreased concentrations of both IGFs also in chronic HCV infection. A positive correlation with severity of the disease (Child score) was documented for both IGF-I \[[@CIT0012], [@CIT0013]\] and IGF-II \[[@CIT0014]\]. Moreover, in CHC a reduction in serum concentration of IGF-I was found to take place approximately 9 months before development of hepatocellular carcinoma (HCC) \[[@CIT0015]\]. In patients with HCC and hypoglycemia, concentration of IGF-II (but not IGF-I) was proven to be higher than in patients without hypoglycemia. Elevated concentration of IGF-I was found to be accompanied by more advanced histological lesions in the liver \[[@CIT0009]\]. Individual reports exist, even if based on small groups of patients (*n* = 12), according to which levels of IGF-I in patients with chronic HCV infection were higher than those in the control \[[@CIT0016]\]. Studies on serum levels of IGF-I in patients with primary or metastatic hepatic tumors most frequently manifested a marked decrease in IGF-I concentration in both types of hepatic tumors, as compared to the control. The decrease was more pronounced in HCC of HCV-positive patients than in virus-negative HCC patients \[[@CIT0017], [@CIT0018]\]. Mechanisms of the decrease in serum IGF-I levels in hepatic tumors continue to be discussed \[[@CIT0017]\]. According to the authors of the latter report, the decreased concentration of IGF-I is supposed to reflect significant damage to liver parenchyma, but only in cases of metastatic liver carcinomas, and this does not explain the decreased IGF-I levels in most cases of primary hepatocellular carcinomas \[[@CIT0017]\].

Chronic hepatitis C currently is thought to represent the most important risk factor of primary HCC. Insulin-like growth factor I stimulates hepatocyte proliferation, takes part in persistence of neoplastic phenotype in the cells, their metastases and in inhibition of their apoptosis, which has been demonstrated in hepatoma and hepatocarcinoma cell lines in humans \[[@CIT0003], [@CIT0005]\]. Deregulation of IGF-I production and decreased hepatic estrogen levels were associated with the development of HCC in HCV-infected cirrhotic patients \[[@CIT0017], [@CIT0019]\].

The aim of our study was to determine serum levels of IGF-I, insulin and 17-β estradiol (17-βE) in relation to other markers of liver injury in HCV-infected patients.

Material and methods {#S0002}
====================

Thirty anti-viral treatment-naïve CHC patients (18 males, 12 females, mean age 47 ±17 years, ranging from 19 to 84 years) were prospectively recruited from the Department of Infectious Diseases, Poznan University of Medical Sciences between January and March, 2010. Four cirrhotic patients developed HCC and died before the end of 2010. Hepatitis C virus infection was confirmed by presence of anti-HCV antibody (IgG) (HCV version 3.0 AXYM System, Abbott) and HCV-RNA in serum (AMPLICOR HCVTM test, version 2.0, ROCHE, Mannheim, Germany with sensitivity of 600 IU/ml). All the patients were seronegative for other viruses: HBV, HCMV, EBV, HIV-1 and HIV-2. Laboratory tests were performed according to the routinely used techniques. Serum levels of IGF-I were tested using ELISA (IEMA, IDS Ltd, Immunodiagnostic Systems Limited, Boldon, UK). Fasting levels of insulin and of 17-βE were measured with chemiluminescent immunoassays (ARCHITECT Insulin and ARCHITECT Estradiol, Abbott, Longford, Ireland). Liver biopsy was performed in each CHC patient. Written informed consent was obtained from each patient before liver biopsy, and approval for the study was granted by the institution\'s Ethical Committee.

Each tissue specimen of liver biopsy was evaluated based on a numerical scoring for the total grading of portal/periportal necroinflammation (G: 0--4), for the stage of fibrosis (S: 0--4) and liver steatosis (0--2), as described earlier \[[@CIT0020]\]. The control group included serum samples from 10 healthy blood donors.

Statistical analysis {#S20003}
--------------------

First, the parameters of descriptive statistics were calculated (arithmetic mean, standard deviation, median value, minimum and maximum values). Statistical analysis of qualitative traits employed the Mann-Whitney test for independent samples. Spearman\'s rank correlation was applied to examine the association between variable values. Differences and relationships were accepted to be statistically significant at the level of *p* less than 0.05. The statistical analysis was performed using Statistica PL v. 8 software.

Results {#S0004}
=======

Selected clinical data of the patients with CHC are presented in [Table 1](#T0001){ref-type="table"}.

###### 

Hormone levels, histological and selected clinical data of the patients with chronic hepatitis C

  Parameter                                     *n*   Mean value   Min      Max          SD
  --------------------------------------------- ----- ------------ -------- ------------ ------------
  IGF-I (ng/ml)                                 30    68.61        4.04     175.66       45.42
  insulin (µU/ml)                               30    29.41        4.60     213.90       38.77
  17β-estradiol (pg/ml)                         30    36.17        5.00     132.00       33.25
  steatosis[\*](#TF0001){ref-type="table-fn"}   21    0.86         0.00     2.00         0.85
  grading[\*](#TF0001){ref-type="table-fn"}     21    1.86         1.00     3.00         0.57
  staging[\*](#TF0001){ref-type="table-fn"}     29    2.28         1.00     4.00         1.25
  BMI                                           30    25.53        18.38    37.61        4.08
  glucose                                       26    111.69       76.00    203.00       32.81
  bilirubin                                     30    0.91         0.23     1.98         0.44
  ALT (U/l)                                     30    92.46        17.00    292.00       63.53
  AST (U/l)                                     30    73.32        21.00    195.00       44.73
  total protein (g/dl)                          30    7.19         6.02     8.80         0.66
  albumin (g/dl)                                28    3.66         2.05     4.54         0.55
  γ-globulins (g/dl)                            29    1.62         0.98     3.57         0.53
  AFP (IU/ml)                                   30    36.41        1.30     350.00       89.07
  HCV-RNA (IU/ml)                               28    519594.29    560.00   4420000.00   1026866.84

n -- number of patients with CHC; SD -- standard deviation; p -- level of significance; BMI -- body mass index;

-- histopathological scoring (see Material and methods)

G -- total grade of liver necroinflammation; S -- stage of fibrosis; AFP -- α-fetoprotein

Mean serum level of IGF-I was significantly lower in CHC patients than in controls (68.1 ±45.42 ng/ml vs. 133.50 ±63.95 ng/ml) ([Fig. 1](#F0001){ref-type="fig"}). A statistically significant difference in levels of 17-βE was observed between the same groups (36.17 ±33.25 pg/ml and 82.20 ±98.89 pg/ml) ([Fig. 2](#F0002){ref-type="fig"}). Insulin levels were similar in both groups (29.41 ±38.77 µmol/ml *vs*. 22.48 ±14.85 µmol/ml) ([Fig. 3](#F0003){ref-type="fig"}). A lower IGF-I level (but not of 17-βE) was observed in cirrhotic CHC patients in comparison to non-cirrhotic ones (31.25 ±18.97 ng/ml and 82.19 ±44.77 pg/ml, respectively) ([Figs. 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). The decreased serum level of IGF-I was associated with more advanced staging and liver steatosis, higher levels of AFP and gamma globulins, and higher AST activity in CHC patients ([Figs. 4](#F0004){ref-type="fig"} and [5](#F0005){ref-type="fig"}). In CHC patients IGF-I serum levels negatively correlated with patients' age (*r* = --0.6884, *p* \< 0.05) (data not shown).
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In chronic hepatitis C patients, insulin levels positively (*r* = 0.6510, *p* \< 0.05), and 17-βE levels negatively (*r* = --0.5635, *p* \< 0.05) correlated with patients' age (data not shown). A positive correlation was observed between insulin level and staging, liver steatosis and gamma globulin levels in CHC patients ([Fig. 6](#F0006){ref-type="fig"}). A negative correlation between IGF-I and insulin levels was present only in HCV infected patients ([Fig. 7](#F0007){ref-type="fig"}). A negative correlation in HCV-infected patients was also noted between IGF-I serum levels and BMI (*r* = --0.376) (data not shown).
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Discussion {#S0005}
==========

The IGF-I protein is produced mostly in the liver. The circulating fraction of IGF-I is transported bound to IGF-I binding proteins (IGF-IBPs) types 1--6. The main transporter is IGF-IBP3, which modulates the bioactivity of IGF-I by limiting its access to IGF-IR \[[@CIT0021]\].

Chronic liver injury influences IGF-I serum levels. The circulating levels are decreased in chronic viral hepatitis, particularly in HCV infection \[[@CIT0018]\]. Undoubtedly, this study has shown a statistically significant difference in IGF-I levels in CHC patients and the healthy non-infected group. Previous studies demonstrated significant reduction of IGF-I levels in cirrhotic patients \[[@CIT0011], [@CIT0012], [@CIT0015]\]. In accordance, this study has found a significant difference in IGF-I levels between cirrhotic and non-cirrhotic groups. Four cirrhotic patients with IGF-I levels less than 15 ng/ml developed HCC and died before the end of 2010. Such low levels of IGF-I predict rapid development of HCC. Wu *et al*. showed that an IGF-I level \< 30 ng/ml indicated a poor prognosis, with 83% mortality in less than half a year \[[@CIT0012]\]. This study demonstrated a statistically significant decrease in IGF-I level in patients with more advanced staging and liver steatosis, higher levels of AFP, gamma globulins and higher AST activity. Also a negative correlation was noted between IGF-I and insulin levels in patients with CHC. Additionally, we noted a statistically significant positive correlation between fasting insulin level and staging and gamma globulin level.

This study has confirmed the recently published data on nondiabetic HCV-infected patients, in whom negative correlations were found between serum IGF-I concentration on one hand and fasting insulin and of HOMA-IR (homeostasis model assessment of insulin resistance) on the other \[[@CIT0022]\]. The results suggested that IGF-I might be considered to represent an early marker of functional reserve or hepatocellular functional capacity \[[@CIT0022]\]. Other authors linked the lowered hepatic production of IGF-I with gradual damage of hepatic parenchyma while the role of IGF-I system feedback was supposed to be more important in carcinogenesis linked to primary hepatocellular carcinoma, as compared to metastatic tumors in the liver \[[@CIT0017]\]. Our current observations as well as our earlier study \[[@CIT0023]\] have confirmed the negative correlation, described in the literature on the subject, between serum concentration of IGF-I on one hand and AST and ALT activities on the other \[[@CIT0022]\].

The insulin serum level in our cirrhotic and non-cirrhotic patients was similar. Recent studies on insulin levels and insulin resistance associated with HCC in CHC reported by Hung *et al*. presented higher insulin levels in HCC patients than in those with chronic hepatitis and advanced fibrosis \[[@CIT0024]\]. Serum insulin level, insulin resistance, type 2 diabetics and male sex were independently associated with HCC \[[@CIT0024]\]. We did not detect any correlation between the insulin level and liver enzyme activities but, similarly to Mansour *et al*., we observed a positive correlation between insulin level and liver steatosis in CHC patients \[[@CIT0025]\]. In our HCV-infected patients we noted a positive correlation between insulin level and age. In order to confirm the more frequent insulin resistance in these patients, in comparison with the noninfected patients, as described by other authors, an analysis of HOMA-IR values would be required \[[@CIT0022], [@CIT0026]\]. Insulin resistance reflects the impaired synthesis of hepatic IGF-I, and low levels of IGF-I might play a role in the development of insulin resistance in HCV patients \[[@CIT0022]\].

17-βE suppresses progression of liver fibrosis and hepatocarcinogenesis. Estradiol suppressed hepatic fibrosis in a hepatic fibrosis model, inhibited activation of activator protein 1 and nuclear factor κB in cultured hepatocytes subjected to oxidative stress, and attenuated hepatic stellate cell activation in primary culture \[[@CIT0019]\].

Our study revealed that the serum level of 17-βE in the CHC group negatively correlated with patients' age. We found that 17-βE level in the CHC group was lower than the level in control patients. This suggests that CHC patients carry a higher risk of liver injury and occurrence of HCC, also taking into account the lowered concentration of 17-βE. However, our results failed to confirm significant correlations between concentration of 17-βE and parameters providing evidence for progression of CHC toward HCC, such as staging (advanced fibrosis) or AFP level. No correlations have been demonstrated between serum concentration of 17-βE and concentration of IGF-I.

Oral administration of exogenous estrogens exerts inhibitory route-dependent effects on all three components of the IGF-I ternary complex: IGFBP-3, ALS (acid-labile subunit) and IGF-I. These effects were independent of endogenous GH status \[[@CIT0027]\]. Studies *in vitro* on Huh-7.5 cell lines demonstrated that administration of estradiol in the first days after infection of the cells with HCV inhibited production of HCV virions \[[@CIT0028]\].

In conclusions: decreased IGF-I levels and increased levels of insulin characterize staging and liver steatosis in CHC patients better than estradiol serum levels. The lower serum level of 17-βE in the CHC group than in control patients suggests that CHC patients carry a higher risk of liver injury and occurrence of HCC.
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